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.S-0.1-/!2'0!-.:,!3?4&*.*:-!(+-9!L+,-!+&4-!&*+-0S.3!T-+Z--*!3&1,+!(+&4?3&!Z.(!N!+'!P!
4&*?+-(M$! >,-! -3-:+0'9,)(&'3'1&:.3! (&1*.3(! Z-0-! 0-:'0/-/! +,0'?1,! 1'3/! 93.+-!
-3-:+0'/-(!&*(-0+-/!?*/-0!+,-!3'Z-0!-)-3&/($!K3-:+0'/-(!&*!-.:,!-)-!Z-0-!0-2-00-/!+'!.!
*--/3-! -3-:+0'/-! &*(-0+-/! (?T:?+.*-'?(3)! .+! +,-! 3-S-3! '2! +,-! :'00-(9'*/&*1! 20'*+.3!
0-1&'*$! >,-! /&22-0-*+! -3-:+0'/-(! Z-0-! :'**-:+-/! +'! .! +Z'7:,.**-3! .493&2&-0$!
G493&+?/-(!'2!.7!.*/!T7Z.S-(!Z-0-!93'++-/!.(!.!2?*:+&'*!'2!&*:0-.(&*1!3&1,+!&*+-*(&+&-($!
G2+-0! :'493-+&'*! '2! 0-(9'*(-(! 'T+.&*-/! &*! /.0[7./.9+-/! :'*/&+&'*(\! +,-! 0-:'0/&*1!
(-((&'*! :'*+&*?-/! Z&+,! +,-! 9?09'(-! '2! /&((-:+&*1! +,-! :'*-! 9.+,Z.)!4-/&.+&*1! +,-!
0-(9'*(-! +'! 3&1,+$!O'0! +,&(!9?09'(-\! +,-!KIQ! &*! 0-(9'*(-! +'! 3&1,+!'2!"Y!:/! y!4q"!Z.(!
0-:'0/-/! &*! +,-! 90-(-*:-! '2! .! :'*+&*?'?(! T.:[10'?*/! 3&1,+! (-+! .+! #P! :/! y!4q"$! >,-!
.493&+?/-!'2!+,-!T7Z.S-!2'0!-.:,!-)-!Z.(!93'++-/!.(!.!2?*:+&'*!'2!3?4&*.*:-!L+0.*(2-0!
:?0S-M! ?*/-0! (:'+'9&:! .*/! 9,'+'9&:! :'*/&+&'*($! O'0! -.:,! 10'?9\! +,-! 4-.*! T7Z.S-!
.493&+?/-!Z.(!93'++-/$!











E.+&-*+(!.22-:+-/!T)! +,-!(-S-0-! 2'04!'2!AE=! JJ!.0-!:,.0.:+-0&5-/!T)!.!/0.4.+&:!Ca=!
9,-*'+)9-$! J*/--/\! +,-)! (,'Z! 4-*+.3! 0-+.0/.+&'*\! ,)/0':-9,.3?(! .*/! 90'10-((&S-!
*-?0'/-1-*-0.+&'*! &*!.33!T0.&*! 0-1&'*($!D?0! 3.T'0.+'0)!,.(!.30-./)! 0-9'0+-/!'*! +,-!






:'0+-]! .*/! +,-! :-0-T-33?4$!>,-!G3:&.*!%3?-! (+.&*&*1\!Z,&:,! 3.T-3(!QGQ(! (+'0.1-(! &*!
3)('('4-(\! 0-S-.3-/! .*! .30-./)! (+0'*1! .::?4?3.+&'*! '2! QGQ(! &*! #! 4'*+,7'3/! 4&:-!
















9'(&+&S-! :-33(! &*! +,-! :'0+-]! '2!AE=JJ!4&:-\! (,'Z-/! +,.+! (+.0+&*1! .+! #!4'*+,! '2! .1-\!
+,-(-!4&:-!,./!.!#Ym!0-/?:+&'*!'2!*-?0'*(!.(!:'49.0-/!+'!`>!4&:-h!+,&(!9-0:-*+.1-!
&*:0-.(-(!+'!RVm!&*!#"!4'*+,7'3/!4&:-!LO&1?0-!V!G7%M$!!!
`-! +,-*! .*.3)5-/! .! (-:'*/! T0.&*! (+0?:+?0-\! +,-! :-0-T-33?4! T)! .*.3)5&*1! +,-! '*3)!























































<'*1&+?/&*.3! .*.3)(&(! '2! QGQ(! .::?4?3.+&'*! .*/! Ca=! 4.0[-0! -]90-((&'*! &*! (-0&.3! T0.&*!
(-:+&'*(!'2!#\!@\!8!.*/!#"!4'*+,!'3/!AE=!JJ!L!"#)_7M!.*/!:'*+0'3!`>!4&:-!L*zV!9-0!.1-!10'?9M!!
\#]!I-90-(-*+.+&S-!9&:+?0-(!'26! &M!G3:&.*!%3?-! (+.&*&*1! L:-0-T-33?4M! 0-S-.3&*1!.!90'10-((&S-!




'2! +,-! 0-1&'*! .*.3)(-/! &*! AE=! JJ! 4&:-! .(! :'49.0-/! +'! `>$! A.1*&2&:.+&'*! #Yi! \$]!



























































































































LGM!I-90-(-*+.+&S-! &4.1-(!'2! &44?*'(+.&*&*1!9-02'04-/!?(&*1! +,-!.*+&7C.3T&*/&*!.*+&T'/)!
'*!(-0&.3!T0.&*!(-:+&'*(!20'4!#\@\8!.*/!#"!4'*+,7'3/!AE=!JJ!L!"#)_7M!.*/!:'*+0'3!`>!4&:-!L*zV!
9-0! .1-! 10'?9M! L%M! W?.*+&2&:.+&'*! '2! EC! *?4T-0! &*! +,-! :-0-T-33?4! 3'T&$! &*! AE=JJ! 4&:-! .(!
:'49.0-/! +'! `>! 3&++-04.+-(! .+! +,-! /&22-0-*+! +&4-! 9'&*+$! =+.&*&*1(! 0-S-.3-/! .! 90'10-((&S-!
0-/?:+&'*!'2! +,-!*?4T-0(!'2!EC(!Z&+,! +&4-$!EC!*?4T-0!/-:0-.(-/!Z&+,!.1-\! 20'4!"Ym! &*!@!












































































































+'!`>!4&:-\! &*/&:.+&*1! +,.+!AE=! JJ!.*&4.3(!.+! +,&(! +&4-!9'&*+!,./!.*!-S&/-*+!4'+'0!
/-2&:&+!.(!Z-33!.(!.!9''0-0!4'+'0! 3-.0*&*1$! J*+-0-(+&*13)\! +,&(!4'+'0! &49.&04-*+!Z.(!











.*.3)5-/! T)! +,-! 0'+.0'/! \#]! .*/! +,-! '9-*! 2&-3/! \$U*]! +-(+($! \#]! >,-! 0'+.0'/! +-(+! Z.(!
9-02'04-/! 2'0!@! :'*(-:?+&S-!/.)(! .*/! 0-S-.3-/\! &*!8!4'*+,!'3/!AE=! JJ!4&:-\! .! :3-.0!4'+'0!
/-2&:&+!(,'Z*!T)!3'Z-0!3.+-*:)!+'!2.33!.(!:'49.0-/!+'!`>!.*&4.3($! \$]! J*!+,-!'9-*72&-3/!+-(+\!
+,-! *?4T-0! '2! :0'((&*1(! \$]! .*/! 0-.0&*1(! \*]! Z-0-! -S.3?.+-/$! 8! 4'*+,! '3/! AE=! JJ! 4&:-!














AE=! JJ! G! 9.+&-*+(\! /?0&*1! +,-! 90'10-((&'*! '2! +,-! /&(-.(-\! (,'Z! .! 10./?.3! 0-+&*.3!
/-1-*-0.+&'*! +,.+! -S-*+?.33)! 3-./(! +'! +,-! T3&*/*-((! L#X\N"\NPM$! >'! .((-((! +,-! 0-+&*.3!





J*! .33! +&4-! 9'&*+(! .*.3)5-/\! (:'+'9&:! KIQ(! T7Z.S-! .*/! .7Z.S-! .493&+?/-(! Z-0-!
(&1*&2&:.*+3)!0-/?:-/!&*!+,-!AE=!JJ!4&:-!.(!:'49.0-/!+'!.1-74.+:,-/!:'*+0'3(\!.:0'((!



































H)/0':-9,.3?(! &(!.!:'*/&+&'*! 2'?*/! &*!AE=! JJ!9.+&-*+(!Z&+,!.!:'*(-U?-*+!S-*+0&:3-(!
-*3.01-4-*+! .*/! .+0'9,)! '2! T0.&*! 0-1&'*(! LNV7NXM$! >'! (+?/)! Z,-+,-0! AE=! JJ! 4&:-!
(,'Z-/!+,-!(.4-!9.+,'3'1&:.3!2-.+?0-\!#"!4'*+,7'3/!4&:-!Z-0-!(?T^-:+-/!+'!AIJ$!!
>,-! 0-(?3+! '2!AIJ! (,'Z-/!/&3.+.+&'*! .*/! .+0'9,)! &*! +,-! 3.+-0.3! .*/! Jl! S-*+0&:3-(! '2!
AE=! JJ! 4&:-! .(! :'49.0-/! +'! Z&3/! +)9-! 4&:-! LO&1?0-! #"M$! G*.3)(&(! 9-02'04-/! '*!





















0-(:?-! +,-! T0.&*!/-2-:+(! T-:.?(-! +,-! &*2?(-/! J/(! &(! ?*.T3-! +'! :0'((! +,-! T3''/!T0.&*!
T.00&-0!L%%%M!LN"M$!J+!&(!+,?(!&49-0.+&S-!+'!/-S-3'9!.*!-22&:&-*+!+,-0.9)!+'!+0-.+!+,-!Ca=!
()49+'4($! J/-.33)\! ,.S&*1! :&0:?3.+&*1! J/(! +,.+! :0'((-(! +,-! %%%! Z'?3/! T-! ,&1,3)!
90-2-00-/! .*/! Z'?3/! 90'S&/-! +0-.+4-*+! '2! T'+,! S&(:-0.3! .*/! Ca=! /-2-:+(\!
(&4?3+.*-'?(3)$! >,-! %%%! &(! 2'04-/! T)! .! 3.)-0! '2! -*/'+,-3&.3! :-33(! '2! +,-! T0.&*!
4&:0'S.(:?3.+?0-!+,.+!0-1?3.+-(!+,-!9.((.1-!'2!4'3-:?3-(!T-+Z--*!+,-!T3''/!.*/!+,-!
Ca=$! >&1,+! ^?*:+&'*(! T3':[! +,-! 9.((.1-! '2! 4'(+! 4'3-:?3-(\! -]:-9+! ('4-! (9-:&2&:!
(?T(+.*:-(!+,.+!:0'((!+,-!%%%!S&.!0-:-9+'074-/&.+-/!+0.*(9'0+$!
>,?(\! Z-! +-(+-/! /&22-0-*+! KI>! 90'+':'3(! +'! (+?/)! &2! ()(+-4&:! &*2?(&'*! '2! J/(!
L&/?0(?32.(-!K3.90.(-oM-*5)4-!:.*!/-3&S-0!+,-!-*5)4-!+,0'?1,!+,-!%%%!+'!+,-!T0.&*!
.*/!90-S-*+! '0! :?0-! +,-!Ca=!/-1-*-0.+&'*$! =&*:-!,&1,!/'(-(!'2! +,-! &*2?(-/! -*5)4-!
:.*!1-*-0.+-!+']&:&+)!.*/!&44?*'0-(9'*(-(\!+,-(-!+0-.+4-*+(!?(-/!&*!4)!(+?/)!Z-0-!








4'*+,$! Q0'?9(! '2! ?*+0-.+-/\! .1-74.+:,-/\!AE=JJ! .*/!Z&3/7+)9-!4&:-!Z-0-! ?(-/! .(!
:'*+0'3($!LCM!G/?3+!AE=JJ!4&:-!.+!R!4'*+,(!'2!.1-!Z-0-!&*^-:+-/!S&.!+,-!+.&3!S-&*!Z&+,!
















+'! ##72'3/\! /-9-*/&*1! '*! +0-.+4-*+(M! +,.*! &*! +,-! ?*+0-.+-/! AE=JJ! 4&:-! .*/!







".S>5! 1I! ->.3B.! A@3! .807T70753! .88:/@74H! 0:! B:=35! 0/5.0B540! H/:=93d! L! ;! .605/! >.30!!!!







".S>5! JI! ->.3B.! A@3! .807T70753! .88:/@74H! 0:! B:=35! 0/5.0B540! H/:=93d! LP! ;! .605/! >.30!




Plasma IDS activity (nmol/4h/
mg) - after 4h 





 Ids y/-+ 10  mg/kg IDS (1-2) 
 Ids y/-+ 5.0 mg/kg IDS (1-2) 
Ids y/-+ 1.2 mg/kg IDS (1-2)!
 
Ids y/-+ 1.2 mg/kg IDS (1-4) 
Ids y/-+ 1.2 mg/kg IDS (1-7)!
 
Ids y/-+ 10 mg/kg IDS (1-2) 
Ids y/-+ 10 mg/kg IDS (1-4) 
Ids y/-+ 10 mg/kg IDS (1-7)!
 
Ids y/-+ 1.2 mg/kg IDS (1-7) 
    
    320 ± 27 
      27± 1.5!
 
10938 ± 779 
  7500 ± 447 
  2790 ± 226!
 
  1810 ± 151 
  1877 ± 136!
 
  9292 ± 611 
  7471 ± 118 
  6642 ± 389!
 
  2828 ± 198 
                     
   
   243 ± 32.1 









 6957 ± 557 
 6459 ± 301 
 6633 ± 390!
 
 2551 ± 215 
   
    
   220 ± 36.2 
     18 ± 1.1 












2212 ± 26 
   
198 ± 18.9 
  20 ± 1.3 









   !
 
 















+,-!T3''/!T0.&*!T.00&-0!.*/!0-(+'0-! J/(!.:+&S&+)! &*!T0.&*(!'2! +,-! +0-.+-/!AE=!JJ!4&:-!
L10'?9(!Gb;M\!+,-(-!.*&4.3(!.*/!+,-!:'*+0'3(!LAE=!JJ!?*+0-.+-/!.*/!Z&3/7+)9-!4&:-M!
Z-0-! (.:0&2&:-/! N! ,! .2+-0! +,-! 2&*.3! ./4&*&(+0.+&'*! '2! J/(! '2! -.:,! +0-.+4-*+! 90'+':'3!
LO&1?0-!#N!G7;M$!!
>,-!.*&4.3(!'2!10'?9!G!(,'Z-/!T0.&*!J/(!.:+&S&+&-(!+,.+!/-:0-.(-/!&*!9.0.33-3!Z&+,!+,-!


























-.:,! +0-.+4-*+M\! !"#)_7}#Y!41_[1h! #7"\! #7N\! #7R! /.)(! L%! z! R! 2'0! -.:,! +0-.+4-*+M\! !"#)_7}#$"!
41_[1h! #7R! /.)(! L%! z! NM! 4&:-! &*^-:+-/! S&.! +.&37S-&*! Z&+,! ,J/(! 90'+-&*! .*/! (.:0&2&:-/!
0-(9-:+&S-3)!N!,'?0(!.2+-0!+,-!3.(+!./4&*&(+0.+&'*$!>,-!/?0.+&'*!'2!+0-.+4-*+(!Z.(!'2!#!4'*+,!
&*!"!4'*+,7'3/!!"#)_7!4&:-!\#d!$]\!'2!@!4'*+,(!&*!R!4'*+,7'3/!!"#)_7!4&:-!\*]!.*/!'2!R!4'*+,(!







#P! G7;M$! >,&(! .*.3)(&(! (,'Z-/! +,.+! +,-! +&((?-! J/(! -*5)4.+&:! .:+&S&+)! Z.(! .3Z.)(!



























.! :'7&44?*'(+.&*&*1!?(&*1! .*+&73.49"!.*+&T'/)\! .!4.0[-0! '2! +,-! 3)('('4-! (+'0.1-\!







C'73':.3&5.+&'*! '2! ,J/(! 90'+-&*! L.*+&7,J/(M! Z&+,! +,-! 3)('('4.3! 4.0[-0! L.*+&7<.49"M! &*! +,-!
T0.&*! '2\! .(! &*/&:.+-/\! !"#)_7! +0-.+-/! 4&:-! T-3'*1&*1! +'! .33! 90'+':'3(! '2! KI>! LG7;M$!






QI! &2"! .>>:Y3! 8>5./.485! :6! >?3:3:B.>! F#F3! .88=B=>.07:4! 74! 0;5! S/.743! .4@!
0733=53!:6!<-'!AA!0/5.05@!B785I!
J*! '0/-0! +'! &*S-(+&1.+-! Z,-+,-0! +,-! KI>! 90'+':'3(! .33'Z-/! QGQ(! :3-.0.*:-! &*! +,-!
T0.&*(!.*/!S&(:-0.3!+&((?-(!'2!.33!10'?9(!'2!AE=!JJ!+0-.+-/!4&:-\!Z-!.*.3)5-/!T)!G3:&.*!




#R! (,'Z(! .! /0.4.+&:! 0-/?:+&'*! '2! QGQ(! .::?4?3.+&'*! &*! +,-! :,'0'&/! 93-]?(! '2! +,-!
+,&0/!.*/!2'?0+,!S-*+0&:3-(!.(!Z-33!.(!&*!+,-!:'0+-]!.*/!+,.3.4?(!.(!:'49.0-/!+'!+,-!





,&1,-0! /'(-! '2! -*5)4-! L#Y! 41_[1M! &*! '3/-0! AE=! JJ! 4&:-! Z.(! (?22&:&-*+! +'! :'00-:+!
9.0+&.33)!+,-!QGQ(!(+'0.1-!&*!+,-!T0.&*!LO&1?0-!#R!%M$!!
>,-(-! /.+.! (,'Z-/! +,.+! T'+,! (,'0+! .*/! 90'3'*1-/! KI>! 90'+':'3(!Z-0-! -22&:&-*+! +'!




































>,-! :3-.0.*:-! '2! 3)('('4-! (+'0.1-! .2+-0! KI>!Z.(! .3('! -S.3?.+-/! T)! ?3+0.(+0?:+?0.3!
.*.3)(&(I! B3+0.(+0?:+?0.3! .*.3)(&(! '2! +,&*! (-:+&'*(! 20'4! +,-! :-0-T-33?4! '2! Z&3/7+)9-!
4&:-! 0-S-.3-/! -3-:+0'*7/-*(-!4-4T0.*-! (+0?:+?0-(!Z&+,!4'09,'3'1&:.3! 2-.+?0-(! '2!
3)('('4-(! &*! E?0[&*^-! :-33(! LO&1?0-! "Y!GM$! >,-(-! 3)('('4.3! '01.*-33-(!Z-0-!4.&*3)!
-3-:+0'*7/-*(-!Z&+,! .! 2-Z! +0.*(3?:-*+! .0-.(! &*! +,-! 3?4-*\! .*/! +,-)! ?(?.33)! 0.*1-/!








&*! +,-(-! '01.*-33-(! .0-! &49.&0-/\! Z,&:,! 0-(?3+(! &*! QGQ(! (+'0.1-$! `-! .*.3)5-/! +,-!
E?0[&*^-!:-33(!'2!+,-!10'?9!C!+0-.+-/!4&:-!L+,-!'3/-(+!4&:-M!T)!?3+0.(+0?:+?0.3!.*.3)(&(!
.*/!2'?*/!(&1*&2&:.*+!&490'S-4-*+!'2!+,-!.T'S-7/-(:0&T-/!AE=JJ!9,-*'+)9-$!J*/--/\!
2'0! .33! +,-! J/(! +0-.+4-*+(\! +,-! .S-0.1-! /&.4-+-0(! '2! +,-! 3)('('4-73&[-! (+0?:+?0-(!
/-:0-.(-/!L.3+,'?1,!+,-)!0-4.&*-/!10-.+-0!+,.*!+,.+!&*!+,-!?*+0-.+-/!Z&3/7+)9-!4&:-!
LO&1?0-!"Y!C7;M$!>,-!'S-0.33!9'9?3.+&'*!'2!+,-!3)('('4-(!Z.(!.3('!,&1,3)!S.0&.T3-!&*!
+-04(! '2! +,-! :'*+-*+$! ='4-! 3)('('4.3! '01.*-33-(! &*! +,-! +0-.+-/! 4&:-! (,'Z-/!
,-+-0'1-*-'?(! 4.+-0&.3! &*! +,-! 3?4-*\! .(! (--*! 2'0! +,-! E?0[&*^-! :-33(! 20'4! +,-!
?*+0-.+-/!AE=JJ!4&:-!LO&1?0-!"YC!T3.:[!.00'Z(M\!Z,-0-.(!'+,-0(!4'0-!0-(-4T3-/!+,-!
-3-:+0'*7/-*(-! 3)('('4-(! 2'0! +,-! E?0[&*^-! :-33(! 20'4! +,-! ?*+0-.+-/!Z&3/7+)9-!4&:-!
LO&1?0-!"Y!C!T3.:[!.00'Z,-./M$!>,?(\!+,-!?3+0.(+0?:+?0.3!.*.3)(&(!:'*2&04-/!+,.+!+,-!





)7H=/5! JR,! *>5./.485! :6! >?3:3:B5! 30:/.H5! .605/! &2"! .3! 5T.>=.05@! S?! =>0/.30/=80=/.>!
.4.>?373I!>,-!?3+0.(+0?:+?0-!'2!+,-!3)('('4-73&[-!'01.*-33-(!&*!AE=JJ!+0-.+-/!4&:-!L10'?9!CM$!
>,-!?3+0.(+0?:+?0-! '2! +,-! 3)('('4-73&[-! '01.*-33-(! &*! +,-!E?0[&*^-! :-33(!Z.(! &*S-(+&1.+-/! &*!
+,&*!(-:+&'*(!'2!:-0-T-33?4!20'4!Z+!\#]\!!"#)_7!\$]!.*/!!"#)_7!+0-.+-/!L#Y41_[1h!#7R!/.)(M!\*]!
4&:-$! J*!.33!:.(-(!E?0[&*^-!:-33(!(-:+&'*-/!+,0'?1,!+,-&0!:-*+0.3!.0-.!L^?/1-/!'*!+,-!T.(&(!'2!
+,-! 90-(-*:-! '2! +,-! Q'31&! 4-4T0.*-(\! Z,&+-! .00'Z(M! Z-0-! .*.3)5-/! +'! -*(?0-! 4'(+!
0-90-(-*+.+&S-! (.493&*1$! >,-! :-33(! 20'4! :'*+0'3! 4&:-! -],&T&+-/! 0-3.+&S-3)! (4.33! -3-:+0'*!
/-*(-! 3)('('4-73&[-!'01.*-33-(!\#\!T3.:[!.00'Z,-./(]$!H?1-!S.:?'3.0!(+0?:+?0-(!:'*+.&*&*1!
,-+-0'1-*-'?(! 4.+-0&.3! \$\! T3.:[! .00'Z(]! Z-0-! /-+-:+-/! &*! :-33! 20'4! !"#)_7! 4&:-$! =&4&3.0!
S.:?'3-(! Z&+,! ,-+-0'1-*-'?(! :'*+-*+! \*\! T3.:[! .00'Z(]! Z-0-! 2'?*/! .3('! &*! +0-.+-/! 4&:-\!
.3+,'?1,! +,-&0! (&5-! Z-0-! (&1*&2&:.*+3)! (4.33-0$! >,-! 3)('('4-(! Z&+,! 0-1?3.0! (&5-! .*/!



























11I! A@3! .807T70?! .4@! F#F3! 8>5./.485! 74! 0;5! S/.743! .4@! 0733=53! :6! 0/5.05@! .4@!
8:40/:>!B785d!3.8/76785@!L!@.?3!.605/!0;5!674.>!A@3!746=37:4!
>'! &*S-(+&1.+-! &2!.2+-0!90'3'*1-/!9-0&'/(!'2! +&4-! 20'4!+,-! 3.(+! J/(!./4&*&(+0.+&'*\! &+!
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